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BACKGROUND. Dietary components may be both causal and protective in cases of
pancreatic carcinoma, but the preventive potential of single constituents has not
been evaluated. The authors report the effects of a-tocopherol and B-carotene
supplementations on the rates of incidence of and mortality from pancreatic
carcinoma in a randomized, controlled trial.

METHODS. The 29,133 participants in the Alpha-Tocopherol Beta-Carotene Cancer
Prevention (ATBC) Study were male smokers who were ages 50—69 years at the
time they were randomized into 1 of the following 4 intervention groups: dl-a-
tocopherol (AT; 50 mg/day), B-carotene (BC; 20 mg/day), both AT and BC, and
placebo. The daily supplementation lasted for 5—8 years. Incident cancers were
identified through the national Finnish Cancer Registry and death certificates of
the Statistics Finland. Results were analyzed by supplementation with Cox regres-
sion models.

RESULTS. Effects of both supplementations were statistically nonsignificant. The rate
of incidence of pancreatic carcinoma was 25% lower for the men who received
B-carotene supplements (n = 38) compared with the rate for those who did not receive
B-carotene (n = 51) (95% CI, —51% to 14%). Supplementation with a-tocopherol (n =
51) increased the rate of incidence by 34% (95% CI, —12% to 105%) compared with the
rate for those who did not receive a-tocopherol. Mortality from pancreatic carcinoma
during the follow-up, adjusted for stage and anatomic location of the tumor, was 19%
(95% CI, —47% to 26%) lower among those who received p-carotene and 11% (95% CI,
—28% to 72%) higher among those who received a-tocopherol as compared with those
who did not receive supplementation.

CONCLUSIONS. Supplementation with g-carotene or a-tocopherol does not have a
statistically significant effect on the rate of incidence of pancreatic carcinoma or
the rate of mortality caused by this disease. Cancer 1999;86:37-42.

© 1999 American Cancer Society.
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he prognosis of patients with carcinoma of the pancreas remains

very poor; 97—98% of patients die of the disease despite all efforts
to improve the diagnostic and therapeutic armament.' Only a few
definitive causal factors for carcinoma of the pancreas have been
identified.>~* The most consistent one is cigarette smoking, which has
been estimated to increase the risk two- to fourfold*~® but to explain
less than one-sixth of the incidence.” Possible etiologic factors include
various dietary components, diabetes, chronic pancreatitis, occupa-
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tional exposures, alcohol consumption, and certain
other medical conditions and procedures.® Although
the dietary components suspected to play a role in the
development of carcinoma of the pancreas appear to
include protective factors as well, they have so far
offered no framework for practical preventive mea-
sures.

The Alpha-Tocopherol Beta-Carotene Cancer Pre-
vention (ATBC) Study was a randomized, placebo-
controlled, double-blind trial in which the efficacy of
a-tocopherol and B-carotene was tested in the pri-
mary prevention of cancer.? This report describes the
effects of the supplementation on the rates of inci-
dence of and mortality from carcinoma of the pan-
creas.

MATERIALS AND METHODS

The details of the study objectives, design, and meth-
ods and the characteristics of the study participants
have been published.? The study was approved by the
institutional review boards of the participating insti-
tutions, and all participants signed an informed con-
sent prior to entry. Participants’ interests were at-
tended to by an independent Data and Safety
Monitoring Committee, which convened biannually
during the trial.

Participants

Eligibility for the ATBC Study required smoking at
least five cigarettes daily, no prior cancer, no other
serious disease, and no use of vitamin E, A, or 3-car-
otene supplements in excess of predefined doses. The
29,133 participants were male smokers who were ages
50-69 years at the time they were randomized to 1 of
the 4 intervention groups: dl-a-tocopherol (AT; 50 mg/
day), B-carotene (BC; 20 mg/day), both AT and BC
(ATBC), or placebo. This design allowed analysis of the
results in halves of the total population: those supple-
mented with B-carotene (BC + ATBC) compared with
those who did not receive B-carotene (AT + placebo)
and those supplemented with a-tocopherol (AT +
ATBC) compared with those who did not receive a-to-
copherol (BC + placebo). Double-blind supplementa-
tion continued until death or April 30, 1993, and lasted
for 5-8 years (median, 6.1 years).

METHODS

Baseline assessment included medical, dietary, smok-
ing, and occupational histories; measurements of
height and weight; and serum sampling. Dietary in-
takes of total energy, fat, protein, carbohydrates, fiber,
fruits, vegetables, coffee, tea, vitamin A, vitamin C,
vitamin E, B-carotene, and alcohol were calculated
from a diet history questionnaire® utilizing compre-

hensive nutrient data.'® Serum a-tocopherol and
B-carotene levels were determined by high perfor-
mance liquid chromatographic analyses.*

After randomization the participants made three
visits annually to the local study centers. During the
follow-up visits the men were asked about their ill-
nesses and contacts with the medical care system,
smoking habits, and self-perceived symptoms and
skin yellowing. Specially trained registered nurses
took care of all the study contacts with the partici-
pants.

Cancer cases were identified through the Finnish
Cancer Registry and the Register of Causes of Death.
Cases known to have been diagnosed up to April 30,
1993 (n = 89) are included in this report. Verification
of diagnosis was based on medical records and pa-
thology specimens collected and compiled during the
treatment of the patients. Medical records of all cases
were centrally reviewed by at least two study oncolo-
gists for verification of the diagnosis of carcinoma of
the pancreas.

The relevant histopathologic and cytologic speci-
mens of the cancer cases were collected from the
pathology laboratories. Slides for 64 cases (72%) were
available for a review by a study pathologist to verify
the existence and type of cancer. The histopathologic
type was adenocarcinoma in 94% of the cases with a
histologic or cytologic specimen. Histologic or cyto-
logic specimens of 9 cases were not available for re-
view, and in these cases the primary diagnosis of the
hospital pathologist was used; 89% were adenocarci-
nomas. In all, the diagnosis was based on histology in
61%, cytology in 21%, and clinical information only in
18% of the cases, with no differences between supple-
mentation groups in diagnostic methods.

Rates of incidence of and mortality from carci-
noma of the pancreas were modelled using the Cox
proportional hazards model. Proportional hazards as-
sumption was checked using the method of Therneau
et al.'? Interaction of the trial intervention effects were
tested in a Cox model. Yellowing of the skin was mod-
elled by treating yellowing as a time-dependent co-
variate with robust variance estimators used in the
Cox regression models.'® Effects are reported as rela-
tive risks (RRs) and corresponding 95% confidence
intervals (CIs).

RESULTS

Baseline characteristics of the participants are pre-
sented in Table 1. There were no differences between
the four intervention groups in the basic personal
properties or known risk factors for carcinoma of the
pancreas. The dropout rate during the follow-up was



TABLE 1
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Baseline Characteristics of the Study Population by Intervention Group (n = 29133): Mean Values (with
Standard Deviations) or Proportions (%)

Baseline characteristics AT (n = 7286) BC (n = 7282) ATBC (n = 7278) Placebo (n = 7287)
Age (yrs) 5717 (5.1) 57.8 (5.1) 57.8 (5.0) 57.6 (5.1)
Regular smoking (yrs) 35.9 (8.5) 36.0 (8.5) 35.9 (8.5) 35.9 (8.4)
No. of cigarettes/day 20.6 (8.8) 20.4 (8.9) 20.4 (8.9) 20.4 (8.7)
Serum
a-tocopherol (mg/L) 119 3.7 12.0 3.7) 12.0 (3.4) 11.9 3.5)
p-carotene (ug/L) 214.3 (422.9) 212.6 (185.9) 218.0 (424.9) 211.4 (182.5)
Retinol (ug/L) 586.9 (131.7) 588.6 (134.0) 587.8 (128.0) 589.5 (129.1)
Total cholesterol (mmol/L) 6.2 (1.2) 6.2 (1.2) 6.2 (1.2) 6.2 (1.2)
Intake
Total energy (kcal) 2817 (784) 2819 (795) 2816 (781) 2808 (788)
Fat (g/day) 123 (41) 123 (41) 123 (41) 123 (41)
Protein (g/day) 103 (29) 103 (30) 103 (29) 103 (30)
Carbohydrates (g/day) 304 (95) 304 (96) 304 (94) 303 (96)
Total fiber (g/day) 26 (10) 26 (10) 26 (10) 26 (10)
Vitamin E (mg/day) 12.0 (5.7) 121 (5.8) 12.1 (5.7) 12.0 5.7
p-carotene (mg/day) 2.1(1.6) 2.1(1.6) 2.1 (1.5) 2.2 (1.5)
Vitamin A (mg/day) 1.8 (1.5) 1.8 (1.5) 1.9 (1.5) 1.8 (1.5)
Alcohol (g/day) 18.1 (21.6) 18.0 (22.0) 17.8 (21.2) 18.0 (21.5)
BMI (kg/mz) 26.3 (3.8) 26.2 (3.8) 26.3 (3.7) 26.3 (3.9)
Allergic eczema® (%) 79 71 73 72
Bronchial asthma® (%) 3.1 34 2.8 31
Gallstones® (%) 5.4 5.3 5.7 5.7
Pancreatitis* (%) 1.7 1.5 1.3 1.4
Peptic or duodenal ulcer* (%) 17.6 175 17.4 175
Diabetes® (%) 4.1 45 4.6 3.8

AT: a-tocopherol only; BC: B-carotene only; ATBC: a-tocopherol and p-carotene combined; BMI: body mass index.

2 Self-reported diagnosis made by a physician.

31% (n = 3570, including deaths) and similar in the
intervention groups.

Compliance with intervention, measured as cap-
sule disappearance, was equally excellent in the inter-
vention groups; the median was 99%. Of the active
participants, 80% took more than 95% of their cap-
sules. Highly group specific serum response in the
concentrations of a-tocopherol and B-carotene con-
firmed the good compliance.?

The total number of incident cases of carcinoma
of the pancreas was 89. There were 25 cases in the
group that received AT alone, 12 cases in the group
that received BC alone, 26 cases in the combination
group, and 26 cases in the placebo group. Neither
supplementation had a statistically significant effect
on the rate of incidence of carcinoma of the pancreas.
The rate of incidence of carcinoma of the pancreas
was 25% (95% CI, —51% to 14%) lower among the men
who received B-carotene supplements compared with
the men who did not receive them and 34% (95% CI,
—12% to 105%) higher among the men who received
a-tocopherol compared with those who did not re-
ceive them. It is noteworthy that analysis of the orig-
inal four intervention groups reveal a somewhat dif-

ferent picture. The relative risk for carcinoma of the
pancreas was —4% (95% CI, —44% to 67%) for AT,
—54% (95% CI, —77% to —8%) for BC, 0% (95% CI,
—48% to 73%) for ATBC compared with placebo. The
formal test for interaction between AT and BC was not
statistically significant.

There appeared to be no obvious evidence of pos-
sible diagnostic shifts and misclassification of carci-
noma of the pancreas as another primary cancer in
the BC group. There were no excess cancers of the
liver, gallbladder and bile ducts, or unknown primary
organ in the BC group. The number of lung adenocar-
cinomas was 34 in the BC group, 29 in the AT alone
and placebo groups, and 22 in the ATBC group. On the
other hand, there were no intervention group differ-
ences in survival times for lung adenocarcinoma, be-
ing 2—3 times longer than those observed for carci-
noma of the pancreas cases.

The primary reasons for seeking medical attention
and initiating investigations that led to a diagnosis of
carcinoma of the pancreas were quite similar in all
intervention groups. Symptoms that were systemic or
due to local tumor effects or metastases were present
in about 90% of cases. The cancer was found by
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TABLE 2

Number of Cases, Rate of Incidence (per 1000 person-years), Relative
Risk, Median Survival Times after Diagnosis, and Mortality from
Pancreatic Carcinoma during Follow-Up by Supplementation

Supplementation
AT No AT BC No BC
No. of cases 51 38 38 51
Rate of incidence 0.60 0.45 0.45 0.60
Relative risk 1.34 1.00 0.75 1.00
95% CI 0.88-2.05 — 0.49-1.14 —
No. of deaths 49 34 35 48
Specific mortality* L1l 1.00 0.81 1.00
95% CI 0.72-1.72 — 0.53-1.26 —
Survival time (days) 144 149 162 134

AT: a-tocopherol group and e-tocopherol plus p-carotene group; No AT: B-carotene group and placebo
group; BC: B-carotene group and a-tocopherol plus -carotene group; No BC: a-tocopherol group and
placebo group; CL: confidence interval.

2 Expressed as relative risk, adjusted for stage and location of the tumor.

chance in autopsy or surgery in 4% of cases in all other
intervention groups but the BC group, in which there
were no autopsy cases.

At the time of diagnosis, carcinoma of the pan-
creas was Stage I or II (local) in 25% of the patients,
Stage III (regional) in 9%, Stage IV (distant) in 53%,
and in 13% stage could not be defined due to lack of
information. Case fatality during follow-up was asso-
ciated with stage. The relative risk of dying from car-
cinoma of the pancreas was 3.1 (95% CI, 1.6-5.9) with
Stage IV tumors compared with Stage I-II tumors
when supplementation and location of the tumor
(head or other) were taken into account. The interven-
tion groups were not completely balanced with re-
spect to stage distribution; there were no patients with
tumors of undefined stage in the BC group. On the
other hand, the risk of dying from a tumor of unde-
fined stage during the trial was 0.8 (95% CI, 0.4-1.8),
and grouping these cases together with those of Stage
I-1T was justified, balancing the stage distribution of
the intervention groups. The tumor was located in the
head of pancreas in 14% of cases in the BC group, in
33% in the AT group, in 26% in the ATBC group, and in
28% in the placebo group.

During follow-up, 83 men died from carcinoma of
the pancreas. Neither supplementation had a statisti-
cally significant effect on the rate of mortality from
this disease. Mortality from carcinoma of the pancreas
during follow-up, adjusted for stage and location of
the tumor (head or other), was 19% lower among
those who received BC supplementation (n = 35)
compared with those not who did not receive BC (n =
48) (95% CI, —47% to 26%). The a-tocopherol supple-
mentation (n = 49) increased the rate of mortality by

10% (95% CI, —28% to 72%) compared with those who
did not receive a-tocopherol (Table 2). The median
survival time after diagnosis during follow-up was
slightly longer among those who received BC supple-
mentation compared with the other groups, but this
was mainly due to few individuals’ having a long sur-
vival time after radical surgery. Of the six survivors,
three were from the BC group, two were from the AT
group, and one was from the placebo group.

High dietary intake of vitamin E and B-carotene
and serum levels of a-tocopherol and B-carotene at
baseline were not associated with a statistically signif-
icantly lower risk of carcinoma of the pancreas during
follow-up when supplementation and baseline age,
smoking years, number of daily cigarettes, and intake
of vitamin C were taken into account. The risk in the
highest tertiles of intake compared with the lowest
tertile were 0.9 (95% CI, 0.5-1.6) and 1.3 (95% CI,
0.7-2.5) for a-tocopherol and B-carotene, respectively.
Similarly, the relative risks for subsequent carcinoma
of the pancreas were 0.9 (95% CI, 0.5-1.5) and 0.6 (95%
CI, 0.4-1.1) in the highest tertiles of serum «a-tocoph-
erol and B-carotene, respectively.

The baseline characteristics, including smoking
and alcohol intake, did not modify the effects of the
supplementations (data not shown). Certain baseline
characteristics were also evaluated as possible inde-
pendent risk factors for carcinoma of the pancreas.
History of allergy, gallstones, peptic or duodenal ulcer,
or diabetes did not increase the risk of this cancer.

Because yellowing of the skin is a possible sign of
carcinoma of the pancreas (jaundice) and is also a
possible consequence of 3-carotene ingestion (carote-
nodermia), special attention was paid to this phenom-
enon. The number of cases reporting skin yellowing at
least once before diagnosis during the follow-up was
two among those taking B-carotene, one taking a-to-
copherol, seven taking both supplementations, and
two taking placebo. Skin yellowing was not associated
with an increased risk of carcinoma of the pancreas
regardless of the supplementation group. Among
those 12 cases in which skin yellowing was reported
before diagnosis, there were no obvious group specific
differences in the lag times from the first appearance
of the skin yellowing to the diagnosis of carcinoma of
the pancreas. The lag times varied from 16 to over
2000 days.

DISCUSSION

The results of this study suggest that supplementation
with B-carotene or a—tocopherol does not have major
effects on the rate of incidence of carcinoma of the
pancreas among older men who smoke. The results
based on the original four intervention groups offer a



tempting conclusion regarding the beneficial effects of
B-carotene. Although the prospect of prevention of a
highly lethal cancer is exciting, there are several rea-
sons for prudence. Pancreatic carcinoma was not one
of the a priori endpoints for cancer prevention in the
ATBC Study. The number of carcinoma of the pan-
creas cases was relatively small, and thus the possibil-
ity of a chance finding cannot be neglected. Further-
more, a-tocopherol appeared to wipe out the
B-carotene effect as a statistically significant phenom-
enon. On the other hand, supplementation both low-
ered the rates of incidence and specific mortality and
increased the survival time.

There are no known mechanisms to explain the
preventive effect of BC on carcinoma of the pancreas,
histologically primarily adenocarcinoma. Most of the
available epidemiologic evidence of the benefits of BC
is related to squamous cell malignancies."*™'® There
are several possible mechanisms for the general anti-
tumorigenic action of BC, but none of them relate
solely and directly to the pancreas as the site of ac-
tion.'”?? There have been no prior reports of the
effects of BC or other micronutrient supplementation
on carcinoma of the pancreas. The results concerning
dietary intake of BC and risk of carcinoma of the
pancreas are not consistent.>® In some studies, high
intake of BC is associated with lower risk;?*?° some
have found similar associations with the intake of
fruits and vegetables,”®*” whereas others have not.®?®
Also, in two small nested case-control studies**>° and
one small cohort study,®" low serum concentration of
BC or total carotenoids at baseline were not associated
with subsequent risk of carcinoma of the pancreas.
Serum concentrations of a-tocopherol were associ-
ated with a lower risk of carcinoma of the pancreas in
one study.®® There are no reports specifically of vita-
min E intake in relation to this disease.

The finding that the combination of BC and AT
did not have any effect is intriguing and biologically
complicated. It suggests that, given that the effect of
BC is true, there exists an interaction between AT and
BC, possibly on the molecular level, so that AT blocks
the effects of BC. Excessive amounts of a-tocopheroxyl
radical could bind BC that is needed to regenerate the
radical form back to functional AT,** thus making less
BC available. It has also been suggested that simulta-
neous supplementation with B-carotene and «-to-
copherol could compromise the achievable tissue
concentrations of the individual substances; but sev-
eral reports, including one from the ATBC Study, have
shown that this does not happen.3*=*

Bias is a very unlikely explanation for the results in
a large, randomized, double-blind, and controlled trial
with premium capsule compliance, similar dropout
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rates in intervention groups, and comprehensive end-
point verification. One potential source of bias related
to the supplementation, however, is skin yellowing
due to B-carotene. The number of men reporting per-
sistent skin yellowing was small and the phenomenon
was not related to the diagnostic procedures. Pancre-
atic carcinoma progresses rapidly and is such a lethal
disease that a possible change in the time frame of the
diagnostic process is unlikely to influence the ob-
served rate of incidence during the follow-up and
cause bias.

A diagnostic shift could be another explanation
for the low rate of incidence of carcinoma of the
pancreas in the BC group. Very early on, before be-
coming clinically apparent, carcinoma of the pancreas
typically seeds metastases into liver, lungs, and
bones.*® The lymph nodes seen in the chest X-ray of a
severely ill patient and found to be adenocarcinoma
could be taken as a diagnostic finding of lung malig-
nancy. The need to verify the diagnosis might be less
pressing with such a rapidly progressing and fatal
process as carcinoma of the pancreas. However, there
is no apparent reason why this phenomenon, if
present, should be limited to those men taking BC
only. All the available information on the clinical his-
tories of cases indicated no group differences in the
diagnostic methods used.

In conclusion, the rate of incidence of carcinoma
of the pancreas among men supplemented daily with
20 mg of BC or 50 mg of AT for 5—8 years was not
statistically different from the rate of incidence among
men who did not receive the supplementation.
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